
C 
1 

i 
i 

SERRCH MEM 

L 

S'f7"fARY OF SECTION DATA ON TRAZLDJG-EDGE HIGH-UFT i3EVL 

sp 

Jones F. CatfJU 

Langley Aeronautical Laboratory 
Langley Field, Va. 

NATIONAL ADVISORY COMMI1"ITE 
FOR AERONAUTICS 



S U M M A R Y  
A % 

rc 

A summary has beenmade of available data on t i e  characterist ics 
of a i r f o i l  sections with trailing-edge high-l i f t  devices. 
plain, s p l i t  ,- and slot ted flaps are collected and analyzed. The e f fec ts  
of each of the variables i n ~ o l v e d  i n  the design of the various types of 
f lap  are examibed and, i n  cases where suff ic ient  data are given, optimum 
configurations are deduced. Wherever possible, t h e  e f fec ts  of airfoil 
section, Reynolds number, and leading-edge roughness are sham. For 
single and double s lot ted flaps, where a great mass of unrelated date 
are available, maximum lift coefficients of a large rmbr  of configu- 
ra t ions are presented i n  tables. 

Data for 

I R T R O D U C T I Q N  

A rather l e g e  amo-ant of data on the section aerodynemic character- 
i s t i c s  of trailing-edge f laps  has been obtained during the course of the 
l a s t  several years. 
general program on the investigation of these character is t ics  but a large 
mount, particularly that  Qbtained during the war,  has of necessity been 
directed toward the development of thigh-lif t  devices for  specific air- 
planes and as a result is generally unrelated t o  the over-all program. 
This paper is prepared with a view of collecting and correlating, insofar  
as possible, the data that  are available for  t h e  purpose of providing 
a guide for the selection of the type or size of high-lif t  device for  
specific applications and for  sharfng, if  possible, means for predicting 
the characterist ics of canfigurations which have not been specifically 
tested. 

Sarnie of the  data have been obtained as a part of a 

In  some few cases, t he  only data available t o  shuw the effects  of 
funchnental f lap  design parameters were obtained on rectangular w i n g s  
of constant section and of aspect r a t i o  6. I n  all other cases, only 
section data heve been included in t h i s  paper, both i n  an ettempt t o  
keep the s i z e  of the paper behx z Feasmable l i m i t  and because of the 
fac t  that  the ap2lication of the section data t o  f i n i t e  span wings caii 
be considered a separate pro3lem. 
on the e f fec ts  of f lap t ips,  on cut-odts, on ruseldge interference, or 
on slipstream effects.  
effects  of these :lap characterist ics 3n the performance of airplanes. 

For t h i s  reason, n3 data are shown 

No detailed analyses have been made on t h e  

1 
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Altho-Mh the requireaents of good high-l i f t  de-rices are f 'airly w e l l  
knoxn, a short  s- of the  more important charac te r i s t ics  w i l l  be 
presented here. The increase i n  maximum l i f t  coefficient is the primwy 
function of' flaps, and generally the effects of f laps  on Dther chsracter- 
i s t i c s  mast be considered as secondary results of t h i s  increase i n  
rnaxbxn l i f t .  

Y 

I 

Flaps and other high-l i f t  devices were first put i n to  use f o r  l a d i n g  

The recent use of higher m d  higher w i n g  loadings 
airplanes in  small a i r f i e lds  with nearby obstruct3 om, without penelizing 
high-speed performance. 
has made the need for these devices even mre  acute and has presented 
the necessity f o r  using h igh- l i f t  devices during take-off as well as 
landing. For take-off, a high m a x i m m  l i f t  is  desirable but must be 
accompanied by low drags. 
is  desirable for decreasing the landing speed and some additional drag 
is  useful f o r  steepening the gl ide path for landings over high obs5ructions. 
Recent f l igh t  tests (reference l), however, have sham tha t  the p i l o t ' s  
judgment i s  seriously impaired i f  the rate of descent during landing i s  
greater than about 25 feet per second. 
fore cannot be tolerated.  

For landing, the highest maximum l i f t  possible 

Too high a drag coefficient there- 

- 1  I n  addition t o  these fundamental requirements, the  f l ap  should be 
such tha t  in its retracted position it adds as l i t t l e  as possible t o  the 
drag of the w i n g .  High pitching-mment coefficients are undesirable I 
both because of the s t ruc tura l  requirements of the w i q  and because of 
the  f a c t  t h a t  the down load on the t a i l  required t o  trim out the pitching 
moment detracts frm the l i f t  of the w i n g .  Low aerod;rn&c loads on 
the f laps  me desirable both from strength considerations and operating 
requirements. Both the pitching monents and the f l ap  loads are a 
d i rec t  result of the same phenomena that  produce the lift, however, and 
for a given type of f l a p  very l i t t l e  can be done t o  reduce ei ther  of 
these. 

I 

S Y M B O L S  

C a i r f o i l  chord 

X distance along a i r f o i l  chord 

C a  s l o t - l i p  extension, d i s tmce  along chord l i n e  from lead€% 
edge t o  end of s l o t  l i p ,  f ract ion of a i r f o i l  chord 

Cf f l ap  chord, f rac t ion  of a i r f o i l  chord 

C V  vane  chord, f ract ion of a i r f o i l  chord 

E r a t i o  of f l ap  chord t o  t o t a l  a i r f o i l  chord 

. 
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CD 

Cm 

Chf 

airfoil thickness ratio 

lift coefficient 

maximum li f t c oe f f iclent 

section lift coefficient 

design section lift coefficient 

meurimMl section lift coefficient 

increment of maximum section lift coefficient 

optimum maximum section lift coefficient , highest maximum 
lift coefficient measured for a given airfoil-flap 
cconb'.natian 

optimum increment of maximum section lift coefficient 

stream dynarmic pressure 

coefficient of pressure difference across airfoil (sU - sL, 
where SU and SL are surface pressure coefficients M 

the upper and lower surfaces of the airfoil at a given 
point along the chord) 

varlat i on of hime -moment 

variation of hinge-mament 

coe f f ic ient dCh/dc 2 0 

cwfficient with flap 

coefficient with l i f t  

variation of flap nod-force ccefficient with flap 
deflection @,/a9 

variation of flep narmal-force coefficlent with lift 
coefficient (dc,,/dc 9 

d r q  coefficient 

section drag coefficient 

section pitChf~-mment coefficient 

section flap hinge-moment coefficient 
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increment of section f lap  hinge-mment ccefficient 

section f lap  normal-force coefficient 

increment of section f lap normal-force coefficient 

f l ap  deflection 

f lap  deflection a t  which highest maximum lift coefficient 
i s  measured 

vane deflection 

horizontal and ver t ica l  positions of f lap  leading edge 
(figs.  24 and 40) 

horizontal and ver t ica l  positions of vane leading edge 
(f ig .  40) 

Reynolds number 

aspect r a t i o  

F L A P  T H E O R Y  

The basic theoret ical  treatment of the effects  of f laps on the 
characterist ics of a i r fo i l s  was made by Glauert (references 2 and 3) 
by an extension of the th in-a i r fo i l  theory. 
expreseions by which the l i f t ,  pitching moment, and f lap  hinge moments 
can be calculated. This th in-a i r fo i l  theory gives the value of the 
pressure difference a t  any point x along the chord for  the a i r f o i l  
with f l ap  deflected i n  terms of the stream dynamic pressure q as: 

This analysis led  t o  

a0 

4 ( 1  + cos e ) ]  ( II ; e o ) .  8s s i n  “Bo s i n  d3 
a +  - 6 +  m n=l P=[ s i n  8 

and for the f l ap  neutral cese: 

4(i + COS e )  P1 = U 
s i n  8 

The incremental 

Pb = 

load distribution caused by f l ap  deflection is then 

4 ( 1  + cos eHfl - 00) + f“_ 8 s i n  “Bo s i n  

m n=l YI s i n  8 
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, 
where 

.) 

I 

i . 
I 

. 

a angle of attack measured to undeflected part of chord line 

X 

eo value of 8 at f l a p  hinge 

C i s t M i c e  dong chord Yram leading edge 

COS eo = '(1 - a) 
s i n  eo = 2 f i 7 0  

C f  E = -  

6 f l a p  deflection 

C 

5 

Definitions of the parameters a, 6, and E are shown i n  figure 1. 
This incremental load dietribution may now be considered as  the  sum of 
two components, an incremental additional dis t r ibut ion and an incremental 
b m i c  dis t r ibut ion thus: 

and 

pb6 = [ ,  * sin *o sin * 
nn 1. 

The load dls t r ibut ion Pa8 may be seen t o  be identical t o  the load 
dis t r ibut ion caused by changes i n  the angle of attack of t h e  plain 
a i r f o i l  and indicates a change i n  ideal angle of attack equal t o  
gx - .eo )6  caused by the  flap deflection 6 .  Glauert 's expression 
for the l i f t  increment ( a t  constant angle of attack) tamed by 
deflection of a f lap  is:  

r- - 



, 

6 

which may a l a 0  be broken up in to  the components: 
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= 2 s i n  8,6 and zbg 

The values of the pressure-difference coefficients for  unit  incremental 
l i f t  coefficient may then be expressed aa 

and 

f sin rg:: sin ne 
Po6 
- t  

n s i n  eo 
CZbg n=l  

which may be reduced t o  

The thin-airfoi l  theory indicates tha t  these increments i n  load d i s t r i -  
bution w i l l  be the same regardless of the original shape of the mean 
l ine .  
distribution may be calculated for  any a i r f o i l  section equlpped with a 
plain f lap.  

Fram these equatiom, therefore, the theoretical  incremental load 

The pitching-moment increment has been derived by Glauert as: 

acrn = -$ G i n  eo - 5 s i n  28,) 6 

For convenience i n  analysis, the pitching-mament increment, cawed by 
f lap  deflection i s  frequently expressed as a function of the l j f t  
increment caused by f lap  deflection. 
increment t o  l i f t -coef f ic ien t  increment provides the re la t ion  

The r a t i o  of pitchine-mament 
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7 W A R M  NO- 

This equation shows that the ratio of pitching-moment coefficient incremnt 
caused by flap deflection t o  lift-coefficient increment caused by flap 
deflection is a constant for 
flap-chord ratio. 

given flap and is a function ~ n l y  of the 

The hinge mcppent of the f lap  was determined by considering only 
that part of the load over the f lap  i tsel f  and results i n  the equation: 

ch = bl -c - 2b6 
Rl 

i 1 -  f 

V a l u e s  of S/y and b are shown plotted against flap-chord rat io  E 
in  figure 2. 

I n  reference 4, Pinkertan developed equations for the normal-farce 
coefficient on a deflected f l ap  on the basis of the thin-airfoil theory 
by integrating the load distribution over the flap. This integration 
results in  an equation for the f l a p  normal force similar t o  Glauert’s 
equation for the flap hinge magnent: 

where 



e NACX RM No. L8DO9 

A general sunmation of the series term i n  the expression for 
been found so t h a t  approximate methods of calculetion have been used t o  
calculate these values. Values of 7 and qo are shown plotted 
against E i n  figure 3 .  

11 has not 

An examination of Glauert's equations for  the load distributions 
ceused by deflection of a plein f l ap  indicates that  i n f in i t e  pressures 
are  encountered both a t  the leading edge and at the flep hinge. A 
bet te r  indication of the actual f l o w  conditions could be obtained i f  the 
pressure distributions were celculated by the thick-airfoi l  theory of 
Theodorsen (reference 5 ) .  This process, however, is  extremely laborious 
and breaks down just  as t h e  th in-a i r fo i l  theory does when the flow 
separates from the a i r fo i l .  I n  reference 6, a method has been derived 
by Allen for rapidly computing the load dis t r ibut ion over a i r fo i l8  with 
flaps. 
theoretical  load distribution and experimentally determined values. 
all f l ap  deflections at which the f l ap  is urstalled,  a single re la t ion 
was found t o  apply; but a t  higher deflections, a different, re la t ion 
must be used for each f lap angle. In the q y l i c a t i o n  of t h i s  method, 
the load distributlon I s  re lated direct ly  t o  the l i f t -coef f ic ien t  
increment rather than the f l ap  deflection which wm used i n  Glauert 's 
theoretical  treatment. The f lap deflection is  important only at high 
deflections where it determines the shape of the empirical re la t ion  
between the theoretical  mAd experjmentd. resul ts .  The l i f t -coef f ic ien t  
increment. must be determined from force t e s t s  and the division of t,he 
l j f t  increment between incremental additional and incremental basic 
cmponents is accompllshed by the m e  of the experimental pitching- 
moment incremnt and emFirically determined locetions for  the centroid 
of the incremental basic load. 

This method is  based on an empir ica  re la t ion between the 
For 

Data required for  the epplication of t h i s  method t o  the determination 
of load distributions are the l i f t  and quarter-chord pitching moments a t  
a given angle of attack for  the a i r fo i l  with the f l ap  both retracted and 
deflected, and the class of additional distrlbution t o  be used. The 
c lass  of additions1 distribution t o  be used for conventional a i r f o i l  
sections i s  given i n  reference 6 and computed addjtional distributions 
( i n  the form AVa/V, the nondimensional loca l  increment of velocity 
caused by additional type of load distribution) for  a number of 
NACA sections, both conventional and l o w  dr rg ,  are  given i n  re ferewe 7. 
The l i f t  and moment coefficients giver, a r e  assumed equal t o  
C q ,  mid c w  98 shown i n  diagrams (a )  and (b) of figure 4. The 
assumption is made that  the  ncrmal force end pitching moments ccrre- 
sponding t o  the distribution of f i g w e  4(c) are not significantly 
different. from those of figure 4(a) .  

%l, Cnl, 

Then (f ig .  4(d)) :  

L 
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These incremntal coefficients ere then converted t o  coefficients 
correeponding t o  the distribution shown i n  flgure &(e) by m e w  of 
the foU owing equations: 

The factors and T, are given In tables V and V I  of reference 6. 
The Incremental basic normal-force distribution is responsible f s r  the 
en t i re  incremmtel pitching-moment coefflcierA Acm' and the mag~I tude 
of t he  incremntal hesic nonml-force coefficient is therefore determined 
from the equation 

where G i s  equal to. the distance of t h e  centroid of the incrementsl 
basic normal-force distribution fran the qcarter-chord axis e r d  is  
given for  various flap-chord r a t io s  and ?lap def lec t lms  i n  table IV 
i n  referezce 6. The incremental additional normel-force coefficient is  
then equel to: 

The va lues  of the pressure difference coefficient i n  terms of tte strem 
anamic prees'are q xey then be obtained from 
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* 
change w i t h  a change in  f l ap  deflection, whereas the theory would 
indicate t h a t  these values should be independent of f l a p  def lect ion for  
a given flap-chord r a t io .  These differences are ceused by the f ac t  
t ha t  above e deflection of about 15' the  f l o w  begins t o  separate e t  
the flap hinge. 
are the same regardless of f l ap  deflection. 
f o r  the f lap  deflection where unseparated f l o w  ex l s t s  should be used 
with caution since a number of factors,  inc ludiw Reynolds number, 
surface condition, and leaks a t  the f l ap  hinge can have a large e f f ec t  
on the f l a p  deflection at which t h i s  separation begins. Distributions 
are a l so  given i n  reference 6 for a i r f o i l s  with s p l i t  f laps  based on 
the assumption tha t  the f l o w  over a s p l i t  f l ap  should be the same as 
the f l o w  over a plain f l a p  with a boundary layer  over the f l ap  of 
thickness equal t o  the distance from the a i r f o i l  upper surface t o  the 
f l ap  lower surface. The andysis reported i n  reference 6 showed tha t  
above a flaF deflection of about 40' the  load dis t r ibut ions fo r  plain 
and s p l i t  f laps  were ident ical .  

The values i n  the range where no separation is  encountered 
The value of 13O as a l l m i t  

The incremental f l a p  normal force and hinge moment caused by f l ap  
deflection are equal t o  the sum8 of the contributions t o  each frm 
the incremental basic and incremental additional normal-force distributions.  
The f l a p  normal-force coeff ic ient  and f l a p  hinge moment are equal to:  

The values of the factors  Y and q are given i n  reference 6. 

Comparl sons of experimental data with loads and dis t r ibut ions 
calculated by t h i s  method show tha t  excellent agreement i s  obtained 
fo r  plain f l a p s  when the proper assumption i s  made as t o  whether or not 
the f l ap  is s ta l led .  Similar comparisons made fo r  s p l i t  f laps  show that  
although the over-all e f fec ts  of the f l a p  are  shown qui te  w e l l  over the 
forward part of the a i r f o i l ,  ra ther  la rge  discrepancies are  noted over 
the r ea r  with the  result t ha t  loads and moments predicted i n  t h i s  
manner are not accurate. 

Ba- using the assumption tha t  a s lo t t ed  f l ap  i s  merely a plain 
f l a g  with a boundary-layer ccntrol s lo t ,  and ccnsiderlng the chord t o  
be equal t o  the t o t a l  chord of w i r q  with t h e  f l ap  extended, some com- 
parisons have been made fo r  s lo t ted  flags which show q a i n  tha t  the 
over-all  e f fec t  i s  predicted t o  an accuracy sui table  for w i n g  s t ruc tura l  
purposes but w i t h  1wge differences near the Flap where f l o w  through the 
s l o t  can a f fec t  the load  dis t r ibut ion.  The  f l a p  loads for s lo t t ed  flaps 
are indicated w i t h  on l s  qml i t a t ive  eccuracy. 
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I '  
D I S C U S S I O N  O F  E X P E R I M E N T A L  

I '  

' .  

R E S U L T S  

PLAm FLAPS 

The plain f lap  is one of the simplest l i f t - increasing devices i n  
use, consisting merely of a hinged p a r t  of the wing near the t r a i l i n g  
edge which can be deflected damward t o  increase the camber and, therefore, 
the l i f t .  The only fundamental design parameters (aside from a i r f o i l  
section and Reynolds number) which can have an effect  on the performance 
of a plain f lap  are the flap-chord r a t i o  and the angle t o  which the f l ap  
is deflected. 

Maximum L i f t  

Curves of m ~ ~ i m u m  l i f t  coefficient are shown plotted against f lap  
deflection for various s i z e s  of plain f laps  on several a i r f o i l  sections 
i n  figure 5. 
with f l ap  deflection t o  a maximum a t  a flap deflection of about 60' 
or  70' except for  the largest  f l ap  ( 0 . a ~ )  which increases the maximum 
l l f t  coefficient only f o r  very mmJ2 deflections. 

Generally, the m x i m m n l i f t  coefficient i s  shown t o  increase 

6 0.609 X 10 
A comparison of the increments in maximum l i f t  coefficient fo r  

3.5 x l o 6  
the NACA 23012 a i r f o i l  with 0 . 2 0 ~  flaps a t  Reynolds numbers of 
and 
Reynolds number a t  l eas t ,  the maximum-lift-coefficient increment is 
essentially independent of scale. Optbm maximum-lift-coefficient 
increments (the highest maximum-lift-coefficient increments attained) 
are plotted against flap-chord r a t i o  for  the three NACA 230-series and 
the C l a r k  Y a i r f o i l s  i n  figure 7 on the basis of the rather meager 
data aveilable. These data show that  the best maximm l i f t  coefficients 
are attained with flaps of 0 . 2 0 ~  or 0.2512 and tha t  the maximum-lift- 
coefficient increment increases with a i r f o i l  thickness r a t i o  for the 
NACA 230-series a i r f o i l s  i n  the range of thicknesses shown. 
the mACA 66(215)-216 (f ig .  3 )  a i r f o i l  seem to agree with the ixrement 
for  an NACA 233-series a i r f o i l  of similar thickness and although the 
NMA 65,3-6~8 a i r f o i l  shows lower increments, the value of the highest 
maximum l i f t  ccefficient f o r  t h i s  a i r fo i l  is nearly 88 high as that  of 
the NACA 66(215)-216 a i r fo i l .  

sham i n  figure 6 indicates tha t ,  i n  t h i s  range of 

The data for 

A ga? bet-vee_n_ t he  &rfsil a i6  fiap ai, the f lap  h i q e  allows a i r  t o  
leak through f r m  the high pressure on the lower surface t o  the lower 
pressure on the upper surface and decrease the effectiveness of the flap. 
Maximum-lift data from reference 10 are shown i n  ?&.re 3 for  zn a i r f o i l  
w i t h  a 0 . 2 0 ~  plain f l a p  wi%h a O.cx)32c gap b9,th sezled m d  unsealed. 
The maximum l i f t  coefficients are hzgher :n al.1 cmes wi;h the gap 
sealed and the decrement. i n  maximum l i f t  coefficient caused by the gap 
increases as the I"laF def1ec';im I s  increeed. 
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The effect  OP f lap  size on the drag coefficients of a i r fo i l s  
equipped w i t h  plain flaps i s  sham i n  figure 9. 
total-wing drag coefficient are shown for a C l a r k  Y w i n g  of aspect 
r a t i o  6 equipped w i t h  O-lOc, O - ~ O C ,  and 0 . 3 0 ~  full-span plain flaps. 
These data indicate an increase i n  drag coefficient with f l ap  size a t  
any l i f t  coefficient above about 1.2. A large part  of the drag of 
a i r fo i l8  equipped with deflected plain flaps i s  caused by the fact  
that  the f low over the :lap separates a t  re la t ively l o w  deflections 
(of the order of 15' or 20'). The higher drags of the larger  flaps 
are therefore probably a r e su l t  of a larger  separated area and a 
larger  wake. 

Envelope polars of 

Drag data on an NACA 23012 a i r f o i l  f i t t e d  with a 0 . 2 0 ~  f lap  are 
shown i n  figure 10 a t  two values of the Reynolds number. These data 
show tha t  the favorable effect  of increasing Reynolds numbers extends 
throughout the en t i re  range of l i f t  coefficient. It should be noted 
that  the effective Reynolds number of 8.4 X 106 
corresponds t o  a t e s t  Reynolds number of approximately 

A n y  conclusion concerning the effect  of Reynolds number based on these 
data is  subject t o  the l imitations of the concept of effective Reynolds 
number. 

given 'in figure 10 
3 X 106. 

Drag p o l w s  for several low-drag a i r f o i l s  equipped with plain 
These data show tha t  the low-drag flaps are shown i n  reference 7. 

range of smooth law-drag a i r fo i l s  can be shifted t o  higher l i f t  coef- 
f ic ien ts  by small deflections of a plain flap. 
that  it should be possible t o  use a f l ap  of t h i s  type t o  maintain low 
profi le  drqs through a wide range of l i f t  coefficient. 

It i s  obvious therefore 

Pitching Moment 

The r a t io  of pitching-moment incremen:, t o  l i f t  increment caused 
by deflection of a plain f lap  has been shown by Glauert t o  be a constant 
for  any given f l ap  and t o  be dependent only on flap-chord ra t io .  
Experimental data indicate tha t  t h i s  l inear  re la t ion  of pitching moment 
to  lift i s  actually obtained. 
slope Acm/Ac~ plotted against flap-chord r a t i o  along with several 
experimen:al values. The agreement i s  shown bo be reasonably good. 

Figure 11 shows a curve of the theoretical  

Flap Loads and Moments 

The method derived by Allen for predicting f l ap  loads and moments 
has been summarized in  the section on f l ap  theory. 
taken from reference 11, at, an angle of attack of Oo m e  sham i n  figure 12  
a l o q  w i t h  the normal forces calculated by Allen's nethod. 

Flap normal forces, 

These resu l t s  
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show very good agreement between calc-dated a d  experhen$al resul ts .  
Similar camparisons between experinental f lap  ~ M X ~ S  and loads calculated 
by means of the thin-airfoi l  theory show great, discrepancies. The 
large  errors  resulting fram the use of the th in-a i r fo i l  tiheory can 
probably be ascribed t o  the fac t  that the th in-a i r fo i l  theory bases 
all results merely on the f lap deflection. 
the flw frm the a i r f o i l  surface, f l ap  deflection is  no'; so  ef3ective 
for increasing the loads on the vbg as voz lb  bs inaieeted by tire 
perfect - f lui  d theory. 

Because of separation of 

Hinge moments for plain flaps are scbject 50 the same differences 
between the ideal conditions and those no-rmally encountered i n  practice. 
The same so r t  of canparison could therefore be expected between the theorq 
and experiment. 
PACA 23012 a i r f o i l  and again show good agreement with predictions 
based on Allen's empirical method. 

Data w e  shown I n  f igwe  13 for the 0 . 2 0 ~  f l ap  on the 

Summary of Plain-Flap Data 

Meximum lift coefficients far a i r f o i l s  with plain flaps are shown 
t o  increase w i t h  flap-chord r a t i o  t o  a maximum a t  a flap-chord r a t i o  
of about 0.20~ t o  0.25~. 
a i r f o i l s  with flaps of about this size usually occur a t  f lap  deflections 
of about 60°. Within a range of Reynolds number from 0.6 x 106 
t o  3.5 x l o6  at leas t ,  scale seems t o  have l i t t l e  e f fec t  on maximum- 
l i f t -coef f ic ien t  increments caused by deflection of a plain flap. 
Rather meager data for  HACP. 230-series a i r f o i l s  show that  the highest 
maxima-lift-coefficient incremrt  attainable with plain flaps of a 
given size increases 88 the a i r fo i l  thickness i s  increased. 
coefficients are shown t o  increase appreciably with f lap  s ize  for  all 
l i f t  coefficients above about 1.2 and available data indicate that  
favorable scale effects  are obtained throughout the com9lete range of 
lift coefficient. The increment of pitching-moment coefficient caused 
by f l ap  deflection is a linear function 0-9 the increment of l i f t  coef- 
f ic ien t  and the r a t i o  of pitching moment t o  l i f t  agrees reasonably well 
with the thin-airfoi l  theory. 
may be ped ic t ed  with good accuracy by the method derived by Allen 
in  reference 6. 

The highest maximum l i f t  cmff ic ien ts  for 

Drag 

Flap normal forces and hinge moments 

A split f lap  i c  slmilar t o  a ;lain f l q  I= thst, it is fxriiied mreiy 
by a hinged part  of the w i n g  near the t r a i l i ng  edge- 
flap,  however, 0-Q the lower part of the  wing is hinged, the upper 
surface remaining i n  place. 
of a s p l i t  f lap is a result of an increase in the effective camber of 

To fo,m a s p l i t  

The increase in  lift caused by deflection 
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the a i r f o i l  section jus t  as i s  the case for  plain flaps. 
design parameters which w i l l  a f fect  the aerodynamic character is t ics  
of a w i n g  section with a s p l i t  f l ap  are, therefore, the flap-chord 
r a t i o  and the f l ap  deflection. 

The important 

Maximum L i f t  

The effect  of f l ap  deflection on the maximum l i f t  coefficients 
of NACA 23012, 23021, and 23030 a i r f o i l  sections with s p l i t  f laps  
ranging in  size from 0 . 1 0 ~  t o  0 . 4 0 ~  are sham in figure 1 4  (data 
from reference 13) and op’~imum increments in  m a x h m  l i f t  coefficient 
are shown plotted against flap-chord r a t i o  i n  figure 15. Although 
the increments of maximum l i f t  coefficient me considerably higher 
fo r  thick than €or th in  sections, the values of maximum l i f t  coefficient 
vary in  a different manner with thickness because of the decrease i n  
m a x k x m  l i f t  coefficient of the a i r f o i l  with f lap  undeflected as the 
thickness i s  increased. These data show that  as the a i r f o i l  thickness 
i s  increased increments of maximm lift coefficients, f l ap  deflections 
for  maximum l i f t ,  and the s ize  of f l ap  tha t  provides the highest 
increment of maxFmum l i f t  coefficient s l s o  increase. 
a i r f o i l  section the f l ap  deflection a t  which the highest maximum l i f t  
coefficient w a s  measured decreased as the s ize  of f l ap  w a s  increased. 
A comparison of the data i n  figure 1 4  with the data shown previously for  
plain flaps ( f ig .  5 )  of similar size shows tha t  higher maximum l i f t  
coefficients are  obtained for  a i r f o i l s  with s p l i t  f laps  than with plain 
flaps and that the optimum maximum l i f t  coefficients are obtained at 
higher f l ap  deflections and higher flap-chord ra t ios .  The reason fo r  
the higher m a x i m u m  l i f t  coefficients obtained with s p l i t  f laps  can 
probably be at t r ibuted t o  the f ac t  t ha t  the upper surface of the w i n g  
i s  not disturbed and the flow i s  not required t o  follow an abrupt 
curvature down over the flap. The flow over the flapped part  of the 
a i r fo i l ,  therefore, has a tendency t o  remain unstalled up t o  higher 
f lap  deflections and higher flap-chord ra5ios f o r  s p l i t  f laps than f o r  
plain flaps. 
for  three NACA 6-series a i r f o i l  sections equipped with 0 . 2 0 ~  s p l i t  
f laps.  These data indicate the same tendency toward higher optimum 
deflections for  thicker a i r f o i l s  85 was shown by the NACA 230-series 
sec t  i ons . 

For any given 

Maximum-lift data from reference 14  are shown i n  figure 16  

In order t o  provide a simple means for  showing the effect  of f laps  
on a i r f o i l  section characterist ics,  all the a i r f o i l s  tes ted i n  connection 
with the low-dirag a i r f o i l  program (reference 7) have been tested 
with 0 . 2 0 ~  s p l i t  f laps  deflected 6oo. With some types of f l ap  (particu- 
l a r l y  slotted) a change i n  a i r fo i1  shape also changes the shape of the 
f l a p  that  may be f i t t e d  i n t o  the available space and, therefore, changes 
the characterist ics of the a i r fo i l - f lap  combination. The systematic 
sp l i t - f l ap  data should be useful, however, for  showing the manner i n  
which a i r f o i l  parameters alone affect  the character is t ics  of a i r f o i l s  
with flaps. 
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The effects  of thickness. r a t i o  and c8z,er on m a x i m m  f t  cosf- 
f ic ien ts  of NACk &-series a i r f o i l  sections with and without 60° split 
f laps  me shown in figure 17 (data from reference 7 ) .  
show t h a t  alt,hoq$ the max3m-m l i f t  coefficients of the plain a i r f o i l  
secticxm decrease as the thickness r a t i o  is increased abo-re about 0.12, 
the maximum l i f t  coefficients of the flapped a i r f o i l s  continue to 
increase t o  thickness r a t io s  of a t  l e a s t  0.18. Increases i n  design 
l i f t  coefficient ark shown t o  increase maximum l i f t  coefficients nf 
b3th the g l h h  anti the fiapped a i r fo i l s  by 811 equal amount for a i r f o i l s  
of l o w  and moderate thicknesses. 
t h e  effect  of increasing camber is smaller and for the 21-percent- 
thick a i r f o i l s  is actually t o  decrease the maximum l i f t  coefficients 
with flaps deflected. 
EACA 23015 a i r f o i l  sections are also shown i n  t h i s  figure. 
maximum l i f t  coefficients for the RACA 230-series sections me sham 
t o  f o l l w  t h e  same trend 88 the NACX 6-series sections. 
of m a x F m u m l i f t  coefficients with position of minimum pressure for 
l'?ACA 6-series sections is sham i n  figure 18. 
indicate a small decrease i n  maximum l i f t  coefficients of both the plain 
and flapped a i r f o i l s  regardless of thickness r a t i o  as the position 
of minimum pressure is moved t o  the rear. 

The fac t  that  all of the flap data shown i n  figures 17 and 18 
were obtained wlth 0.20~ flaps der3ected 60° prevents a cmplete  
indicatlon of the effects  of a i r f o i l  section on maximum l i f t  coef- 
f ic ien t  since both the o p t i m  f lap  s i z e  and optimum deflection change 
with changes i n  a i r f o i l  thicknesses as sham i n  figure 15. 
is  pa r thu la r lx  t rue of the data shown i n  figure 17 since both the 
flap-chord r a t i o  and f lap  deflection for highest maximum l i f t  coefficient 
increase as the a i r f o i l  thickness r a t io  is Increased. The optimum 
maximum l i f t  coefficients should, therefore, increase even more rapidly 
w l t h  thickness r a t i o  than the maximum l i f t  coefficients shown. 

These da5a 

A t  the higher thicknesses, however, 

Maximum l i f t  coefficients for  NfiCA 23012 end 
The 

The variation 

In m o s t  cases these data 

This fact  

Data are s h m  in  figure 19 on the effects  of Reynolds number 
variation on the maximum l i f t  coefficients of several W C A  a i r f o i l  
sect low.  
l i f t  coefficients of both the f la in  and flapped a i r f o i l s  i n  the smooth 
condition increase as the Reynolds number i s  increased, but not by 8 

qonstant mount nor i n  any apparent12 predictable manner. The ef fec ts  
of scale on the maximum l i f t  coefficients of lUACA 6-series-sectiona 
seem t o  be similar t o  those of conventional NACA 230-series sections. 

Throughout the range of Reynolds n m k r  shown, ruaxlmum 

The effect  of Reynolds number on the maximum l i f t  coefficients 
of sever& NACA a i r f o i l s  with standard leading-edge roughness and 
s p l i t  f laps is a l so  sham I n  figure 19. 
i n  increasing the 
decreased by the addition of standard roughness and seems t o  be apFoxi- 
mately the same f o r  each of the a i r f o i l s  for which data are shown. 
comparison of the data for amooth and rough a i r f o i l s  i n  figure 19 shows 

The effect  of Reynolds number 
llft z x f f i c i e n k s  of these a i r f o i l s  is 

A 
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t ha t  the decrease i n  maximum lift coefficients of a i r f o i l s  with s p l i t  
f laps  increases as the Reynolds number i s  increased and t ha t  the 
e f fec t  of roughness on t h e  maximum lift coefficients of NACA 230-series 
sections is  greater thzn that  on NACE? 6-series sections,  but not enough 
t o  make the a c t u a l  values of the maximum l i f t  coeff ic ients  lower. 

Envelope drag polars for an NACA 23012 a i r f o i l  equipped with 
various sizes or' split flaps a r e  shown i n  figure 20- These data  
indicate that t h e  drag coefficlents of a i r f o i l s  equipped with split; 
f laps  increase as t h e  f l ap  s ize  i s  increased. These higher drags are 
probably caused by the increased s ize  of the wake behind la rger  f laps  
as is the case for  plain flaps.  

Envelope drag polass s h m  i n  reference 13 f o r  f laps  of v a r i o u s  
s l z e s  on NACA 23012, 23021, arid 23G30 a i r f o i l s  show t ha t  the dregs 
of thicker a i r f o i l s  with sp13t flays deflected me higher t h a n  those 
of thinrier a i r f o i l s  except i n  cases where t h e  thinner a i r f o i l s  tend t o  
stall a t  lower l i f t  coefficients than the thjck sections. 

Pitching Moments 

The r a t i c  of pitching-moment increment t o  l i f t - coe f f l c i en t  increment 
ceused by deflection ~f s p l i t  f laps  of varjous s i z e s  on several 
KPCA 23O-series e i r f o i l  sections is  shown i n  figure 21 (da te  from 
reference 13). 
w i t h  s p l i t  flaps do not W e c  w i t h  t h e  theory as w e l l  as those witl-. 
plain f laps  b u t  that  the gwxwXl. order of magnitude of the pitxhinp 
moments mid the manner o? Tariation with flap-chord r e t i o  agree f & J y  
we13 with t h e  thezry. 
t ha t  the rear p a r t  of an a i r f o i l  with a s p l i t  f l a p  deflected presents 
a verjr thick, bluni, bods re ther  than the t h i n  mean l i n e  which is  assumed 
i n  t h e  theory and which i p  E t  least approximated by plain f l a p s .  

These &eta chow that  tho pitching moments of a i r f o i l s  

This difcrepancy ma;. be explained by the fac t  

?lei. L w d s  end.  M o m e n t s  

The methods for pyedicting f l a F  loads  m d  mmmts which m e  based 
on the thin-nirfoi l  theclry C O l J l d  not, be expected t o  provide a g:o,)d 
indication ol' s p l i t  - f l a p  loads since tke pi SELW difference across 
the f l ap  i s  n3t ,  i n  thi:. czre, e q u z l  t o  the pressure differerice across 
the wholc a i r f o i l  CY', a3 t h e  theory assl.imes, across the m e m  l i ne .  
A cm:arjs'_;n o? smie spl i : - f lag load dat2 w i t h  loads  predicted by t h e  
nethod given i n  refel-ence 6 and described i n  the sectinn on f lay t h e o q  
shows that, al though :'air agreement car1 be obtained a t  l o w  f l ap  deflections, 
the Fredicted v a l u e s  are com:ider2bl,v hither thari i.he experimental 



NACA RM No. L r n 9  17 

r e su l t s  at hi& deflections. 
and hinge-mapnent characterist ics fo r  a 0 . 2 0 ~  sflit f l ap  on the 
HACA 23021 a i r f o i l  are shown i n  reference 15- 

Pressure dlstributions and f lap  force 

Extensible S p l i t  F l a p  

P a  extensible sflit flap 18 a e p l l t -  flap pnvi&rf Vr+& 8 ~ ~ m m b l e  
The purpose h i n g e  which is moved t o  the rear as the f l a p  is deflected. 

of displacing the hinge is t o  provide a larger  area and, therefore, 
greater lifts. Maximum l i f t  coefficients taken from reference 16 are 
shown in f igure  22 for  a Clark1 Y 
of 0-2Oc, O - ~ O C ,  and 0 . 4 0 ~  hinged at various positions from the normal 
hinge position t o  the t r a i l i ng  edge. 
coefficient (&s high as 0.3 fo r  the 0 . 4 0 ~  f lap)  are produced by the 
extension of the chord in t h i s  w a y ,  increases being noted for  the 0.20~ f l ap  
fo r  each ex%ension of the f l ap  hiage from the normal hinge axis t o  the 
trailiw edge although the larger flaps produced increases for  extensions 
of the f l ap  hinge only t o  0.90~. 

a i r f o i l  equipped with s p l i t  f laps 

Sizable increases i n  maximum lift 

Because of the fact  that  t h e  extensible split f l ap  is extended t o  the 
rear as it is deflected, the effective area of the wing behind the normal 
quarter-chord point is increased and the negative pitching moments 
became larger. 
effect  of split f lap  extension on the pitching-moanent-coefficient 
increments caused b3- deflection of the flap. The increment. i n  pitching- 
moment coefficient i s  shown t o  be a l i n e a r  function of the increment i n  
lift coefficient,and the slope of the curve Acm/.Acz 
as the f lap hinge is  moved t o  the rear. 

Data are E h m  i n  figure 23 ( f r m  reference 16) on the 

is  sham t o  increase 

u C m  _-  of Split-Flap Data 

Sp l i t  f laps are shown t o  provide higher maximum l l f t  coefflcients 
than plain flaps. Maximum l i f t  coefficients, flep deflections for  
ma~j_l l lum l j f t , a f d  best f lap  s i ze  increase as the a i r f o i l  thickness r a t i o  
is increased. 
than smaller f laps and the highest maxlmum l i f t  coefficients were 
obtained a t  lower f lap  deflections then with m a l l  f laps.  
coefficients of NACP, 6-series sections w i t h  60°, 0 . 2 0 ~  flays are shown 
t o  increase w i t h  a i r f o i l  thickness r a t io  up t o  thickness r a t io s  of 
about 0.18~. Increase of camber increases m a x i m a  l i f t  coefficients of 
thin a i r fo i l s ,  but t h i s  effect  decreases as the e i r f o i l  thickness is  
incre8seC. Leading-edge ro=hness has been s h m  to decreese the favorable 
sca le  effect  on rnaximm l l f c ;  ccpfficients e? e r f c i l s  vi%!: @it ?lags. 
Increases i n  f lap  s i z e  o r  a i r f o i l  thickness r a t i o  show incremes i n  
drag coefficiects of a i r fo i l s  with flaps deflected. 
incremnts of a i r f o i l s  w i t h  s p l i t  f l a p  are of the same order of magnitude 

Larger flaps shared higher maximum l i f t  coefflcients 

Maxirmrm. l j f t  

Pitching-mament 

c 



as shown by the thin-airfoi l  theory, but the agreement with the theory 
i s  not so good as tha t  shown by the plain flaps. 
f l ap  t o  the rem as it is deflected increases both maximum l j f t  coef- 
f ic ien ts  and pitching mtunents. 

Displacing a s p l i t  

SLOTTED FLAPS 

Slotted f laps  are  roughly similar t o  plain or s p l i t  f laps  insofar 
as they increase the l i f t  of an airfoi .1 by increasing the camber and i n  
some cases by an increase i n  the chord. The s lot ted f lap,  however, i s  
provided with a s l o t  which delays the tendency of the flow t o  separate 
from the flap by ducting high-energy a i r  from the lower surface and 
u t i l i z ing  it f o r  boundary-layer control on the f lap upper surface. 
Deflection of slotted flaps may be o5tained ei ther  by pure rotation 
abolrt a fixed hinge, o r  by a Combination of translation and rotation. 
Slotted flaps i n  general use may be divided in to  two general classes 
based merely on the number of s l o t s .  Single slotted f laps  are, as  the. 
name suggests, f laps  which are attached t o  the main portion of the wing 
i n  such a way as t o  provide a s l o t  forward of the f lap  when the f l ap  
i s  deflected. Double slotted f laps  are provided with a vane forward 
of the flap so that  a double s l o t  i s  formed when the f l ap  i s  deflected. 

Single Slotted Flaps 

A typical single-slotted-flap configuration is  shown In figure 24. 
The part  of the wing upper surface which extends over the f lap  when 
retracted is c u e d  the s l o t  l i p .  The effective increese i n  chord 
provided by some slot ted f laps  is  obtained by the use of an elongated 
s l o t  l i p .  
on the lower surface i s  called the s l o t  entry. Slot entr ies  are often 
made with very s m a l l  r ad i i  of curvature or provided with sk i r t s  t o  
f a i r  over the gap i n  the lower surface when the f l ap  i s  retracted.  By 
minimizing the gap, the  lower surface i s  made as smooth as possible so 
tha t  there is  l i t t l e  increase in  drag over the t  of the smooth a i r f o i l .  

The point where the a i r f o i l  I s  f i r s t  cut away t o  form the s lo t  

Since a s lot ted f lap  increases the maximum l i f t  by a combination 
of increased cmber, increesed chord, and boundary-layer control 
provided by f l o w  through t h e  s lo t ,  t h e  iaportant design parameters are 
f l ap  deflection, flaF size, the chordwise position of The s l o t  l i p ,  
and the efficiency of the flow through the s l o t  i n  p rov id iq  boundmy- 
l aze r  control. The boundery-layer control action of the flow through 
the slc?t depends on the shape of the passage through which the e i r  
mus t  flow. The shape of t h i s  passage is made up of a combination of  
s l n t - e c t r y  shape, s lo t - l i p  shape, flap-nose shape, and the position of 
the f l a p  with r e q e c t  t o  the s l o t  l i p .  Alrfoil  shape can be expected 
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t o  have a greater effect  on tYe characterist ics of slottei f laps than 
on those of pain or split flaps because of the fac t  t ha t  the a i r f o i l  
shape determines t o  same extent the shape of the f l ap  and s l o t  configu- 
rations. Changes in  Reynolds number can also have different e f fec ts  on 
the characterist ics of s lo t ted  flaps fran those on the characterist ics 
of plain or split flaps because o f t h e  scale ef fec t  on the flaw through 
the s lo t .  

Maximum l i f t .  - Because of the large number of unrelated combinations 
of a i r f o i l s  and s lo t ted  f laps  for which data are  available, a summary of 
maximum l i f t  coefficients t ha t  have been obtained froan various cambinations 
is given in table 1- Flap size, s lo t - l ip  extension, the deflection and 
position of the  f l ap  with respect t o  the s l o t  l i p ,  Reynolds number a t  
which the tests were run, and rough classif icat ions of s lo t - en tq  shape 
and flap-nose shape are tabulated along with notations as t o  whether the 
f lap  wa8 located a t  its best mrurimum l i f t  position. 
the data were obtained are also given i n  the table. 
f i c i e n t s  of a i r f o i l s  with s lo t ted  flaps are shown t o  be considerably 
higher than those of the smne a i r fo i l s  equipped with plain or split 
f laps  of comparable size. The advantage of the higher maximum l i f t  
coefficients n u s t  be balanced, however, against the added complication 
of providing external brackets t o  hold the flap6 or of more crPnplicated 
mechanlsma required t o  operate the flap. 

References frm which 
Maximum l i f t  coef- 

Maximum l i f t  coefficients are shown i n  figure 25 plotted against 
f lap  deflection for  the ISACA 23012 a i r f o i l  section with var ious  s izes  
of s lo t ted  flaps and in  figure 26 fo r  t w o  NACA 6-series a i r f o i l s  w i t h  
s l o t t ed  flaps. These data show that  the f lap deflections for  maximum 
l i f t  coefficients of a i r f o i l s  with s lot ted f laps  vary over a range of 
frm about 30' t o  over 60°. 
deflection with flap s i z e  cx s lo t - l ip  extension can be shown, it E.EJ 
be seen from the deta i n  table I that f laps with the s l o t  U p  extended 
t o  the t r a i l i ng  edge seem t o  show their  highest meximum l i f t  coefficients 
a t  lower f lap  deflections than with shorter s l o t - l i p  extensions- 

Although no r ig id  variation of optimum 

The effect on maximum l i f t  coefficient of increasing the effective 
chord of the airfoil-iflap combination is  shown i n  figure 27 for  various 
f lap  cambinations on the NACA 23012 a i r f o i l  s ec t im .  The meximum l i f t  
coefficients are all based on the chord of the a i r f o i l  with f l ap  
ccmpletely retracted.  Naximum l i f t  coefficients are shown t o  increase 
as the t o t a l  chord is  increased either by increesing the f lap  chord or 
the s l o t - l i p  extension. Increases i n  f lap s i z e  above about 25 percent 
of the a i r f o i l  chord are shown t o  have much smaller effects  on maximum 
l i f t  coefficients than increases i n  the  lower r q e  of f l e p  size.  
Increases i n  s l o t - l i p  extension, however, seem t o  be more efyective as 
the s l o t  l i p  i s  extended toward the t r a i l i ng  e%e. 
of maximtun l i f t  coefficient shown i n  figure 27 cannot be expected t o  hold 
s t r i c t l y  for different types of a i r fo i l  section, the  variations shown 
are probably indicative of the resul ts  t o  be expected f r m  conventianal 

Although the variations 
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a i r f o i l s  of 110,rml thicknesses. The use of thinner a i r fo i l s ,  however, and 
particularly 2hin NACA 6-series sections, presents added d i f f i cu l t i e s  
because of tne very th in  flaps and very smaU leading-edge r a d i i  of 
the flaps that can be f i t t e d  in to  the available space. The data shown 
i n  table T for 25-percent-chord flaps on the NACA 65-210 a i r f o i l  s e c t i m  
w i t h  v a r l m s  s l7 t - l i p  extensions shm tha t  no increase i n  msxixnm lift 
coe Pficien:, is obtained by increasing the s lo t - l i p  extension from 

percenh chord t o  97.3 percent chord. 

The most favorable shape for the pzssage through which the a i r  must 
f l 3 w  ?ran the lover suri'ace over the f l ap  i s  an extremely complex 
problem since i t  invalves a combination of  several variables, each of 
which c a n  have a large effect  on the f l a w  condikion produced by each of 
the other variables. These variables include flap shape, slot-entry 
shape, s l o t - l i p  shape, and f lap position. 

Data are given i n  references 19, 20, and 2 1  on the maximum l i f t  
coefficients produced by s lo t ted  flaps of various shapes. 
can be se t  dam for the design of f l ap  shapes, but fram the data g:ven 
i n  these references, it is generally observed tha t  a flap-nose shape 
similar t o  the shape of a good a i r f o i l  w i l l  provide good maximum l i f t  
characterist ics.  

N o  s t r i c t  rules  

Slot-entry shapes can have a large effect  on m i m u m  l i f t  coef- 
f ic ien ts  since any separation of the flow at the s l o t  entry can block 
off a portion of the s l o t  passage. 
t o  28 which show the e f fec ts  of various slot-entry shapes on maximum 
l i f t  coefficients. 
l i f t  coefficients tha t  have been obtained on NACA 23012, 66,2-216, 
23021, and 23030 a i r f o i l  sections equipped with s lot ted flaps and with 
both smoothly rounded and sharp s l o t  entries.  In these references, the 
best position of the f lap  was determined with each of the s l o t  entries.  
Neither the 0.12c-thick nor the 0.16c-thick a i r fo i l e  showed any difference 
i n  best maximum l i f t  coefficient although the position of the f lap  a t  
which the best maximum l i f t  coefficient w a s  measured changed considerably. 
Both the 0.21~-thick and the 0.30~-thick a i r f o i l s  on the other hand 
showed large effects  of slot-entry configuration. These data would 
seem t o  indicate that  the a i r f o i l  thickness or the depth of the f l ap  
well (opening in to  which f l ap  re t rac ts )  would determine whether or not 
the s l o t  entry has an effect  on the maximum l i f t  coefficient. For the 
thick a i r fo i l s  where the slot-entry configuration can have an effect ,  
the smoothly rounded entry provides the highest maximum l i f t  coef- 
f ic ien t  i n  each case. 
an NACA 66,2-116, 
with three different lengths of slot-en5ry sk i r t .  These data show 
tha t  with the f l ap  located a t  an arbitrary position, the maximum lift 
coefficient wa6 lowered by each progressive extension of the s lo t -  
entry s k i r t .  

Data are available i n  references 19 

Data i n  references 20, 23 t o  25, and 28 show maximum 

D a t a  from reference 27 are shown i n  figure 28 for 
a = 0.6 a i r f o i l  equipped with a 0.2% slot ted f lap  
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Slot - l ip  shapk can affect  the maximum l i f t  coefficients of a i r fo i l -  
f lap  cambinations to a large extent and it is f e l t  t ha t  the m o s t  
important requirement of a good slot- l ip  shape is that it should serve 
t o  direct  the air lZow dam over the flap. 
for an a i r f o i l  w i t h  a slot+,ed f lap  with the s l o t  l i p  i n  its n o m  
configuration and bent down various amaunts. These data show t ha t  
the maximum l i f t  coefficient is increased by bending the slot l i p  
down, although too great a bend causes t h e  m x i m  lift cmfficiezit to 
drop off. It is believed that  the l i m i t  i n  the effect  of bending d m  
the l i p  is reached when the f l o w  over the l i p  i t s e l f  separates. 

Data are sham i n  figure 29 

The f l ap  location affects  the maximum l i f t  coefficient, of course, 
by changing both the shape and size of the passage through which the air 
f l w s  f r m  the lower surface. 
be different for each different condition o? slot entry, slot l i p ,  
and flap-nose shape. 
the best location of a s lo t ted  f lap although the data available i n  
references 19, 20, a,nd 23 t o  34 should be useful for  the design of 
the best f l ap  location for a i r fo i l - f lap  cambinations similar t o  those 
for which data are available. Generally, it may be said that  the best 
location of a f l ap  of a given shape vill be a location which, when 
ccanbined with the s l o t  l i p  and slot  entry, will pro;ride EL con.rerging 
passage and allow the flow to be directed down over the flap. 
figure 30, for ipstance, show l i f t  characterist ics of an airfoil-Tlap 
combination for which the slot does not form e converging passage. A 
capar i son  of these data with those i n  table I for a i r f o i l s  of similar 
thickness share the l o w  maxFmum l i f t  coefficients obtained with a f lap  
configuration of this type. 
l i f t  coefficient are shoun i n  figure 31 for t w o  a i r f o i l  sections equipped 
with various configurations of s lot ted flaps. 
the sens i t i v i ty  of the m i m u m  l i f t  coefficient t o  small  changes i n  
f lap  position and the accuracy with which the f l ap  must be b u i l t  and 
located. 

The best f lap  position w i l l ,  therefore, 

No general canclmians can be drawn cancerning 

D a t a  i n  

Contours of f lap  position for mexhum 

Tnese contours indicate 

Airfoil  shape can have a large effect  on the effectiveness of 
s lo t ted  flaps. 
s i z e  and shape t o  show ful ly  the effects of the various a i r f o i l  design 
parameters on the maximum l i f t  coefficients of a i r f o i l s  with s lo t ted  
flaps. 
of vaxious thicknesses with flaps of two different s i zes  and a few 
data for various I'?ACA 6-aeries sections with 0.2% s lo t ted  flaps.  
Although not a t  all conclusive, these data for ISACA 6-series seem 
t o  show a greater e f fec t  of thiclmess r a t i o  than w a s  previously indicated 
(reference 2 5 )  by the NACA 230-series data. 
between the 230-series sections and the 6-series sections might be 
c t t i = i t u i e d  t o  the  higher Reynolds mmber a t  which the l a t t e r  data were 
obtained, data i n  reference 21on  the 0.21~-thick 6-series a i r f o i l  show 
that  even a t  a Reynolds number of 
of t h i s  a i r f o i l  is aoove 3.0. 

There are not, however, enough data f m  flaps of similar 

Some data are shown i n  figure 32 for NACA 230-series a i r f o i l s  

While a part of the differences 

2.0 x 106 the maxbm l i f t  coefficient 
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Data an the effect  of Reynolds number on the maximum l i f t  coef- 
f ic ien ts  aLtainable with s lot ted flaps are given i n  references 19 t o  21, 
2 5 ,  26, and 32 to 36. The greater part  of these data covers Reynolds 
nubera frm about 3.0 X lo6 t o  10.0 X lo6. A few data are given, 
however, for higher Reynolds number. Maximum l i f t  coefficients are 
shown plotted against Reynolds number in  figure 33 for  two NACA 6 ser ies  
a i r f o i l s  with s lot ted flaps. 
with f lap deflected i s  approximately the same as tha t  for  the plain a i r f o i l .  
This similarity cannot be considered t o  be t rue i n  the general case, 
however. 
of a slotted f lap  may change with c h q e s  inReynolds number as shown 
i n  reference 33. Fram these data it is seen that  fo r  the change i n  
Reynolds numbers s h m  (from 2.4 t o  
i n  best position for  maximum l i f t  i s  noted and tha t  for  t h i s  a i r fo i l -  
f lap  combination, a t  l ea s t ,  the best position moves e f t  and upward 
as the Reynolds number is increased. The maximm lift coefficient at  
a Reynolds number of 9.0 x l o 6  w a s  increased by about 0.06 by changing 
f r m  the position found t o  be best a t  t o  the position 
a t  which the highest naximum l i f t  coefficient waa measured. 
case, the entire character of the l i f t  curve w a s  changed by t h i s  change 
i n  positions at  R = 9.0 x l o6  although t h i s  change cannot be considered 
typical. 

In  both of these cases, the scale effect  

There are same indications that the best  maximum-lift  position 

9.0 X 1061, an appreciable change 

R = 2.4 X l o6  
In  t h i s  

Data on the effects of roughness on the maximum l i f t  coefficients 
of a i r fo i l s  with s lot ted flaps are not extensive enough t o  provide any 
generalizations although it may be said that  the decrement i n  maximum 
lift coefficient caused by roughness w i l l  be of about the same order of 
magnitude as for a i r fo i l s  with s p l i t  flaps. 
therefore that leading-edge roughness can cause the maximum l i f t  coef- 
f ic ien t  of a i r f o i l s  t o  be 0.4 t o  0.5 lower than tha t  obtained i n  a wind 
tunnel w i t h  a smaothly polished model. 
ences 32, 33, and 35 on the effects  of roughness on the maximum llft 
coefficient of a i r fo i l s  with s lot ted flaps.  

It must be remembered 

Some data are shown i n  re fer -  

' 

Be- Drag coefficients of a i r f o i l s  equipped with s lot ted f laps  can 
be expected t o  be lower than those of a i r f o i l s  with e i ther  plain or s p l i t  
f laps because of the fact  tha t  the separation of the f l o w  over the flap,  
usually apparent on plain flaps a t  high deflections and the wide, blunt 
rear  portion of a i r fo i l s  equipped with s p l i t  f laps are eliminated or 
minimized with s lot ted flaps. 
equipped with s lot ted flaps of various sizes are shown i n  figure 34. 
These data show an effect  of increasing f lap  s ize  that  is  opposite t o  
that  w i t h  either plain or s p l i t  flaps, the d r q  decreasing a t  a given 
lift coefficient as the f lap s ize  is  increased. 
NACA 23012 a i r f o i l  equipped with a 0 . 4 0 ~  s p l i t  f l ap  is  also sham i n  
figure 34 and indicates the much lower drag  coefficients obtained with 
s lot ted flaps than w i t h  s p l i t  flaps. The effect  of' s lo t - l i p  extension 
on drag is  sham i n  f i g w e  35. Increasing the s l o t - l i p  extension a l s o  
i s  shown t o  decrease the drag a t  any given l i f t  coefficient. 

Envelope polars for  the NACA 23012 a i r f o i l  

The drag polar for the 
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I -  

Flap Tosition cen a l so  have a great effect  on drag coefficients ’ 

Contours 

One 
These 

since the shape of the s l o t  passage determines whether or not there 
are any regions of separated flaw i n  the region of the flap- 
of f l a p  position for minimum drag coefficient are shown for  various 
a i r fo i l - f lap  cambinatians in references 23 t o  25, 28, 30, and 31. 
of these contours taken f r m  reference 28 is shown in figure 36. 
data and those shown in the references show that the requirements of 
a good slot shape f o r  lar drags are aAfr”sra=% f r s  ths req i iewnts  
=‘or high maximum l i f t  coefficients. 
measured seem t o  be neElrly constant i n  area rather than converging, 
and the s l o t  openings seem t o  be larger than those for high maximum 
lift. 

The s l o t s  for which l o w  drags are 

With s lot ted flaps i n  the retracted position, the resul t ing break 
i n  the a i r f o i l  lower surface has been shown t o  have large effects  on drag 
coefficients. Drag data are shown in figure 37 for an IUCA 6-series 
a i r f o i l  section equippd with a 0 .25~  s lo t ted  flap. These data show 
that  when air is allowed t o  leak through the gap, the drag increment 
i n  the low-drag range caused by a sharp s l o t  entry is approximately 

however, that  the drag coefficient with the sharp entry can be reduced 
t o  the same value as with the rounded s l o t  entry merely by sealing the 
gap t o  prevent any flaw of air. 
NACA 66,2-n6, a = 0.6 a i r f o i l  with a 0 . 2 5 ~  s lo t ted  f l ap  and three 
lengths of slot-entry-skirt extension. 
is progressively lowered as the slot-entry s k i r t  is  extended. 

‘ . tvice  that  caused by a well-rounded entry. These data also show, 

Data are shown in figure 38 for an 

These data show tha t  the drag 

Pitching moments.- Since a slot ted f l ap  is similar t o  a plain f l ap  
with a boundary-layer-control s l o t  a t  the f lap  nose, the load dis t r ibut ion 
over an a i r f o i l  with a s lo t ted  f l a p  should be similar t o  tha t  over an 
a i r f o i l  with a plain f lap with the exception of discontinuities a t  the 
s l o t .  The pitching moments of a i r f o i l s  equipped with s lo t ted  flaps 
should be approximately the same as the pitching maments of an a i r f o i l  
w i t h  a plain f l ap  of similar size .  
chwd must be defined for this purpose, however, on the basis of the 
t o t a l  chord with flax extended. 
calculated on the basis of t o t a l  chmd with f lap  extended for several 
combinations of a i r f o i l  and s lot ted flaps and are shown i n  figure 39 
Ellong with the slopes calculated f r m  the th in-a i r fo i l  theory. These 
datz shaw tha t  the pitching maments of a i r f o i l s  with s lo t ted  flaps 
epproximate those predicted by the plaln-flap theory although the 
experimental pitching moments for slotted flaps are i n  all cases slightly 
higher than  the theory indicates and show considerably l e s s  variation 
with f l ap  size than the theoretical. 

The flap-chord r a t i o  and the a i r f o i l  

’Pitching-maanent slopes have been 

Flap loads.- Aerodynamic load characterist ics f o r  a number of 
a i r f o i l s  equipped w i t h  s lot ted flaps are  presented i n  references 29, 
34, 37, and 38. 
i s  increased up t o  the deflection at which the f lap  stalls, the variation 
i n  f lap  loads with a,ngle of attack for unstalled conditions being small as 

Flap loads generally increase as the f l ap  deflection 
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cmpared with the var ia t ion with f l ap  deflection. 
f i c i en t s  on s lo t t ed  f laps  fo r  the data sham i n  the  references usua l l y  
reach a maximum of about 1 .6  or 1.8. Chord forces are generally small 
cmpared with the normal forces,and centers of pressure of the f l a p  loads 
usu&ly range from about 0.2 t o  0.4 of the f l ap  chord. 

Normal-force coef - 

Double S lo t ted  Flaps 

Data are presented i n  reference 39 fo r  an NACA 23012 a i r f o i l  
equipped with a 0 . 2 5 6 ~  s lo t t ed  f l ap  and several  auxiliary flaps.  
data show tha t  the s lo t ted  f l a p  with a 0 . 1 0 ~  auxiliary s l o t t e d  f l a p  
was more effective i n  increasing the maximum l i f t  coefficient, than eny 
of the other devices tested.  
23021, and 23030 a i r f o i l s  equipped with 0 . 4 0 ~  s lo t t ed  f l aps  and 
0 . 2 5 6 ~  auxiliary s lo t ted  flaps.  
3.57, and 3.71, respectively, were measured wi?;h these double s lo t t ed  
f laps  on the three a i r fo i l s .  
double s lo t ted  f l ap  could be simplified considerably by changing the 
form of the foreflap t o  a turning vane. For double s lo t t ed  f laps  of a 
given t o t a l  chord, the vanes were sham t o  be jus t  as effect ive as the 
foreflaps tes ted on the or iginal  d.ouble s lo t t ed  f laps  and had the 
added advantage of being of such a s i z e  t ha t  they could be en t i re ly  
enclosed within the wing structure when the f l a p  w a s  re t racted.  
typical  double s lo t t ed  f l ap  of the l a t t e r  type is  shown in  figure 40. 
The s l o t  entry and s l o t  l i p  are  defined i n  the same way a& for  single 
s lo t t ed  flaps. The vane chord l i n e  has been defined i n  various ways, 
but the most frequentljr used def ini t ions are  the maximum-length l i n e  
or the l i n e  through the t r a i l i n g  edge and the center of curvature cf 
the vane leading edge. The vane s i z e  i s  then defined by the length of 
t h i s  chord l i n e  and the deflection, by the angle between the a i r f o i l  
chord.line and the vane chord l ine .  

These 

Reference 40 shows deta for NACX 23012, 

Maximum l i f t  coeff ic ients  of 3.46, 

Later investigations showed tha t  the 

A 

Gouble s lo t ted  f laps  operate t o  increase the maximum l i f t  coef- 
f i c i en t  i n  essent ia l ly  the same way as s ingle  s lo t ted  f laps  with the 
exception that  an additional s l o t  i s  available t o  provide a p e a t e r  
amount of boundzry-layer control. Another w a y  of defining the action 
of a double s lo t ted  f l cp  is  tha t  it is  merely a single s lo t t ed  f l ap  
which i s  provided with a turning vane i n  the s l o t  t o  help deflect  the 
z i r  flow downward over the flap,  since the damward deflection of the 
flow i s  the p i n c i p a l  function of the vane. A s  a result of i t s  turning 
action, however, the vane a l so  car r ie r  an appreciable l i f t  load of 
i t s e l f .  The important design parameters are, as i s  the case for  single 
s lo t t ed  flaps, f l ap  deflection, f l ap  s ize  and extension, and the 
efficiency of the  f l o w  through the s l o t  pmsages i n  preventhg sepzration. 

Maximum l i f t .  - Maxlmum-li f t  dsta  fo r  a i r f o i l s  with double s lo t ted  
flap8 m e  presented i n  table  I1 along with information concerning the 
f l a p  and a i r f o i l  coni'igwation and t e s t  conditions. Although the absolute 
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optimum positions of both f lap  and vane were not determined for all 
the configurations which are noted as optimum positions in  the table,  
t h i s  notation does indic&te that er,nlugh t e s t s  were =de t o  d e t e d n e  
a position a t  which the maximum11ft coefficient is essentially the  
optimum- 
l i f t  coefficients than any of the other f laps  so f a r  considered. 

Double s lot ted f laps  are seen t o  produce higher maximum 

FLe; c?er'lecti~r,s 8% Fhieh the fiighest maximumiift coefficients 
were measured as shown i n  table  I1 varied fran 45O t o  70' an& vene 
deflections varied f r m  20° t o  30°. 
a general treEd toward higher f l ap  deflections end lower vane deflections 
can be noted as the a i r f o i l  thickness r a t i o  is  increased. 

Although the data are rather scattered, 

Although a f a i r ly  large amount of data is  available,- the effects  
of f lap  size end extension are not well defined because of the fac t  that 
most of the designs tested up t o  the present t ime are of approximately 
the same size. 
a i r f o i l s  equipped w i t h  the original type of double s lo t ted  f lay give 
an indication, however, that  larger double slot ted flaps (up t o  0.40c, 
a t  l ee s t )  should provide higher maximum l i f t  coefficients t h m  those 
obtained with flaps of the s izes  normally employed. Same few data are 
available i n  references 43 and 4.4 on the e f fec t  of vane s i z e  on the 
maximum l i f t  coefficients obtaimble for  several a i r f o i l  sections 
equipped with double s lot ted flaps.  Sane of these data are presented 
i n  figure 41 and show that , in  general, increases i n  vane s i z e  provide 
increases i n  meximum l i f t  coefficients although the range of vane s ize  
covered is  rather small. 

The data i n  references 39 and 40 on XACA 230-series 

The mailable  data on the effects of slot-entry and s l o t - l i p  
configurations are a lso  meager. 
can be expected, however, t o  be similar t o  those noted for  single 
s lo t ted  flaps. The effects  of slot-entry-skirt extension on the 
l i f t  characterist ics of an a i r f o i l  section equipped with a double 
s lot ted f lap  operating along a fixed f lap  path are presented i n  figure 42. 
Although the l i f t  coefficients a t  the highest f l a p  deflections were 
not affected by the extension of the slot-entry s k i r t ,  those a t  in te r -  
mediate deflections were lowered considerably by the longest extension. 

The effects  of the shape of the slot 

Same data on the effect  of f lap  and vane positions on maximum 
From the aata for  lift coefficients are given i n  references 43 t o  48. 

optimm configurations shown i n  table I1 it mey be seen tha t  vane positions 
for  best maximum l i f t  coefficients usue l ly  f a l l  within a range of position 
?ram O.Ol8c t o  0 .025~ below the s lo t  l i p  and f r m  0 .005~ t o  0 .015~ 
forward of the s lo t  l i p  although a few of the data show that  highest 
maximmn l i f t  coefficients w e r e  m e a s u r e d  v i t .h  %he v-ne lcscte", &czt c).C)C>c 
behind the s l o t  l i p .  
varying from 0 .015~ t o  0.030~ forward end from 0 .005~ t o  0 .020~ below 
the vane t rh i l ing  edge. 
highest meximum l i f t  coefficient when located behind the vane t r a i l i ng  

The positions of the f l a p  cover a wider range 

In one case, the f lap  w a s  found t o  give the 
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edge. Although the data i n  table  I1 show tha t  f lap  and vane positions 
for meximum l i f t  fall within a f a i r ly  well-defined range of positions, 
care ehould be exercised i n  set t ing f l ap  and vane positions a rb i t ra r i ly  
from these data because of the great sensi t ivi ty  of these f laps  t o  small 
changes in  position. A few contours of f l ap  and vane positions for  
meximum l i f t  coefficient are sham i n  figure 43 and indicate the accuracy 
with which the f lap  and vane must be located. 

The fac t  tha t  most of the data for double s lot ted flaps have been 
obtained for configurations of roughly similar size  provides a fa i r ly  
extensive amount of data on the effect  of a i r f o i l  section on maximum 
l i f t  coefficients. Data fram table I1 on the maximum l i f t  coefficients 
of various a i r f o i l  sections with double s lot ted flaps are shown i n  
figure 44 plotted against a i r f o i l  thickness ra t io .  
s lo t ted  flaps for  which data are sham had t o t a l  chord lengths ( f r o m  
nose of vane t o  t r a i l i ng  edge of f lap)  of about 0 . 3 0 ~  t o  0 . 3 5 ~  and had 
s l o t  l i p s  located a t  about 0 .85~.  
scattered, they define fa i r ly  well the variation of maximum l i f t  coef- 
f ic ien ts  with t h e  various a i r f o i l  parameters. Increases i n  camber and 
forward movements of the position of minimum pressure of NACA 6-series 
a i r f o i l s  seem t o  provide increases i n  maximum l i f t  coefficient. Maximum 
l i f t  data fo r  NACE! 63-series and 66-series sections.with design l i f t  
coefficients of 0.2 equipped with 0 . 2 0 ~  s p l i t  f laps deflected 60° are 
a lso  shown on t h i s  figure. These data show tha t  the effects  of thickness 
and position of minimum pressure can be sham qualitatively at  l ee s t  by 
the systematic sp l i t - f lap  data i n  reference 7. 
i n  figures 44 and 17 shows tha t  the effects  of camber on maximum l i f t  
coefficient are approximately of the same order of magnitude for the 
systematic sp l i t - f lap  data and the double-slotted-flap date. 

A l l  of the double 

Although these data are rather 

A camparison of the data 

Scale-effect data on various a i r f o i l  double-slotted-flap combinations 
are presented i n  references 44 and 47 t o  jl. 
the same characterist ics as  the scale effect  data on single s lot ted 
flaps and there m e  indications tha t  the best maximum lift configurations 
of double s lot ted flaps may a l so  change as the Reynolds number i s  chenged. 

These data show approximately 

Drags.- The drag character is t ics  of a i r f o i l s  with double s lot ted - 
flaps tire perhaps best shown by a canparison with the drag of a i r fo i l s  
with single s lot ted flaps. Envelope polars f o r  two single s lot ted 
flaps and a double s lot ted f l ap  on the NACA 23012 a i r f o i l  are shown 
i n  figure 43. 
are considerably higher for  the double s lot ted f lap than-for the single 
s lot ted flap. 
with the double s lot ted f l ap  i s  lower than that with the single s lot ted 
f lap,  principally because the separation of the a i r  flow is delayed t o  
higher l i f t  coefficients. A similar comparison for various types of 
s lo t ted  flaps on the NACA 23021 a i r f o i l  i s  shown i n  reference 45. A 
comparison of envelope p o l a r s  for the NACA 23012 end 23021 a i r l ' o i l s  i s  
shown i n  r'lgwe 46. The dreg coefficients of the NACA 22012 section 
are lower than those of the NACA 23021 section for all l i f t  coefficients 

The drag coefficients a t  intermediate l i f t  coefficients 

A t  higher l i f t  coefficients, the drag of the a i r f o i l  
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below about 3.0; above this l i f t  coefficient, there i e  very l i t t l e  
difference between the two  a i r fo i l s .  

In the flap-retracted condition, double s lo t ted  f laps  are subject 
t o  the same increments i n  minimum drag coefficient with f l ap  retracted 
a s  single s lo t ted  flaps. 
retracted,  every attengt should, therefore, be made t o  fair over the 
s l o t  siitrzy an& t o  s e d  the f i a p  gap i n  the retracted conbtion. 

In order t o  obtain lowest  drag with f l a p  

Pitching moment.- The pitching moments of a i r f o i l s  with double 
s lo t t ed  f laps  should be similar t o  those of a i r f o i l s  with single s lot ted 
f laps  and should show the same sort of agreement with the thin-airfoi l  
theory- 
since most of the double-slotted-flap data have been obtained with flaps 
of about the same size. Cauparisons made w i t h  a f e w  of the combinatiana 
for which deta are mailable,  however, show tha t  the values of 
for  double s lo t ted  f laps  agree very w e l l  with those of single s lo t ted  
flaps of the same s i z e  w h e n  the coefficients are defined on the b a s h  

There are not enough data available l o  show t h i s  effect  cmpletely 

Ac&k2 

of tctal. chard- 

Flap loads.- Data on the aerodynamic loads over double s lo t ted  flaps 
on several a i r f o i l  sections are shown i n  references 48 snd 49. 
part  of a double s lo t ted  f lap  ie usually located gemetr ical ly  i n  about 
the same position re la t ive  t o  the vane trailing edge as single s lo t ted  
f laps  are re la t ive  t o  the w i n g  s l o t  l i p .  
flaps are therefore of about the same order of magnitude as  those on 
single s lot ted iraps. 
leading-edge portions of higbly deflected f laps  end are usually h i g u  
cambered. For these reasons, the aerodynamic loads on t h e s e p s  are 
usually very high and normal-force coefficients as high as TkO have been 
measured on the vanes of highly delilected double s lo t ted  flaps. 

The f l ap  

The aerodynamic loads on these 

Vanes of double s h t t e d  f h p s  are effectively the 

V e s  of double s lo t ted  f laps  are frequently located a t  positions 
where a large portion of t he i r  length extends under the w i n g  s l o t  lip- 
In such a position, with a converging passage a l l  the way t o  the t r a i l i n g  
edge ol" the s l o t  l i p ,  the minirmrm pressure is measured far back on the 
vane. 
actually behind the wing s l o t  l i p  and the pressure distrfbution reaches 
a peak a t  the vane leading edge. 
considerations that the aerodynamic mament_and the pressure chord 
forces on these vanes depend t o  a great extent on vane position and may 
vary over a very wide range. 
a i r f o i l  double-slotted-flap canbination, f o r  which lift data are s h m  
i n  figure 41, are presented in  figure 47. These data show tha t  f lap  
and vane ioaci characterist ics for  this  codigurat ion -mry i n  a regular 
manner with f lap  deflection up t o  a deflection of 40°, a t  which deflection 
the l i f ts  and f lap  loads cease t o  increase with deflection and the variation 
of Zlap loads with l i f t  coefficient becames e r ra t ic .  

Other double s lo t ted  flaps are so  positioned tha t  the vane is  

It may easily be seen from these 

Flap and vane load character is t ics  far the 
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S m m y  or' Slotted-?lap Data 

Slotted f laps  are snown 20 provide higher maximum l l f t  coefficients 
than any of the other devrces discussed. 
e f f ic ien t ,  par t iculmly for  a i r f o i l s  of s m a l l  Lhickness ra t ios ,  than 
single s lot ted f l a p s .  Increases i n  t o t a l  chord are shown to provide 
increases in  m i m u m  1i:t coefficients of single slozted flaps, whether 
obkained by increasing the f lap  s ize  or increasing the s l o t - l i p  
extension. Sharp corners or sk i r t  extensions a t  tbe s lo t  entry are 
shown t o  reduce the maximum l i f t  coefficien2s 05 thick a i r f o i l s  w i t h  
s lo t ted  flaps although the entry condition seems t o  have l i t t l e  effect  
on the maximum l i f t  coefficierks of t h in  a i r f o i l s  with s lo t ted  flaps.  
Bending down t h e  s l o t  l i p  t o  direct  tile air flow dam over the f l ap  
has been shown t o  have an advantageous efr'ect on maximum l i f t  coef- 
f ic ien t .  
should have shapes similar to those of good airf 'o i l  sections. The best 
positions for highest maximum lift coefficients of' double s lo t ted  flaps 
seem t o  f a l l  within f a i r ly  well-defined limits although a few cases are 
shown where the best position falls  outside these limits. The best  
positions of single s lot ted flaps are not so well defined. Maximum 
l i f t  coefficients of both single and double s lo t ted  flaps are very 
sensit ive t o  :lap position, however, and optimum configurations cannot 
be predicted with a q y  degree of accuracy. 

Doable s lo t ted  f laps  are more 

Data t h a t  are available seem t o  indicate tha t  f lap  noses 

Drags of a i r f o i l s  with both single and double s lo t ted  flaps are 
lower than those of a i r f o i l s  with plain or s p l i t  f laps  because the 
separation of the flow Over the f l ap  a t  relfitively low deflections is  
prevented by the boundary-layer-control action of the s lo t s .  A t  a 
given l i f t  coefficient, the drag of a i r f o i l s  with s lo t ted  flaps i s  
lowered if e i ther  the f lap  s ize  or the s lo t - l l p  extension i s  increased. 
A t  moderate lift coefficien",, the drag coefficients of double s lo t ted  
flaps are higher than those of single s lo t ted  flaps. 

Pitchi,% moments of airfclils with both single and double s lo t ted  
flaps are o f  the same order of magnitude as those sham bj. th in-a i r fo i l  
theory i f  the pitching maments of the s lo t ted  flaps are defined on the 
basis 07 t o t a l  chord with f l ap  extended. 

Normal-force coefficients of single s lo t ted  flaps or the f l ap  
par ts  of double slo%ted flaps are of appyoximately the same order of 
magnitude and usually reach maximum values at high f l a p  deflections 
0: 1.6  or 1.8. Very high normal-force coefficients (as large as 3.0)  
are encountered on vanes of double s lot ted f laps  and aerodynamic moments 
and pressure chord forces can vary w e r  wide ranges depending on vane 
position. 

Langley Aeronautical Laboratory 
National Advisory Cormnittee f o r  Aeronautics 

Langley Field, Va. 
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TABIS I1 

U 4 X X W  LlFp COEFFICIENTS OF AIRFOIL SECTIONS EQUIPPED W l T R  DOUBLE SIOl'TElI FLBPS 

=-?37 
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Figure 3.- Factors q and q0 in equation for flap normal-force 
coefficients. Reference 4. 
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Figure 7.- Variation of optimum increment of maximum section 
lift coefficient with flap-chord ratio for several  airfoil 
seciions equipped with plain fiaps. 
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Figure 8. - Effect of gap seal on maximum lift coefficient of a 
rectangular Clark Y wing equipped with a full-span 0 . 2 0 ~  plain 
flap. A = 6; R = 0.609 x 10 ; reference 10. 6 
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Figure 13.- Variation of flap hinge-moment coefficient with flap 
deflection. NACA 23012 airfoil; 0-2Oc plain flap; go = @- 
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F’igure 15.- Variation of increment of optimum maximum section 
lift coefficient with flap-chord ratio. NACA 230-series airfoils 
equipped with split flaps. R = 3.5 x 10% 
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Figure 16.- Variation of maximum section l i f t  coefficient with 
flap deflection for several NACA 6-series airfoil sections 
equipped with 0.20~ spl i t  flaps. R = 6.0 x lo6; reference 14. 
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Figure 17.- Variation of maximum section lift coefficient with 
airfoil thickness ratio and camber for some NACA @-series 
airfoil sections w i h d  without simulated split flaps. 
R = 6.0 x lo6. 
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h C  

Figure 18. - Variation of maximum section l i f t  coefficient with 
position of minimum pressure and airfoil thickness ratio for 
some NACA 6-series airfoil sections with and without split 
flaps; c = 0.2; R = 6.0 x 10 6 . 
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Figure 26.- Variation of maximum section lift coefficient with 
flap deflection for several N-ACA 6-series a b f o 2  s.ecC.=~s 
eqGpped with slotted flaps. 
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Figure 28. - Effect of slot-entry-skirt extension on section lift 
characteristics of an NACA 6-6, a = 0.6 airfoil equipped 
with a 0.25~ slotted flap deflected 45'. R = 6.0 x lo6; 
reference 2 7. 
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Figure 30. - Lift characteristics of an approximate NACA 66(215)-2l6 

airfoil section equipped with a 0.2% slotted flap. R = 6.0 x lo6. i 
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(a) NACA 66,2-216,a = 0.6 airfoil with 0 . 2 5 ~  slotted flap and two slot- 

entry configurations. R = 5.1 x 10 , Of = 40°, reference 28. 6 

Figure 31,- Contours of flap location fo r  maximum section lift 
coefficient for two airfoils equipped with slotted flaps. 
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locations. R = 2.4 x 10 6 , reference 32. 1 

Figure 3 1. - Concluded. 
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Flap-chord ratio, 'f 

Figure 39.- Variation of ratio of increment of section pitching- 
moment coefficient to increment of section lift coefficient 
with flap-chord ratio for  several airfoil sections with slotted 
flaps. (zo = Oo. (Al l  coefficients based on total chord with 
Cln- - - - b - - J - J  \ iiap CALCllUCU.) 
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Figure 4 0. - Sketch of typical double-slotted-flap configuration. 
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(b) Partial skirt extension, R = 2.4 X lo6. 
Figure 42.- Continued. 



NACA RM No. L8Do9 

% 
(dag) 

0 0  
0 20 
A 

D 50 
a 55 

V C  

- 

- 

-24 -1 6 -0 0 a 16 24 

Section anple  of attack, %, deg 

6 
( c )  Partial  skirt extension. R = 6.0 x 10 . 

Figure 42. - Continued. 



lQACA RM No. L8DO9 
L 

. 

, 

6 (d) Full skirt extension. R = 2.4 x 10 . 
Figure 42, - Concluded. 
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NACA 23012, referenoe 43 

NACA 23021, reference 45 
\ 

(a) NACA 230-series sections. bf = 60'. 

Figure 43.- Contours of flap and vane positions for double slotted 
flaps on several airfoil sections. 
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(b) NACA 641-212, reference 44. 

Figure 43.- Concluded. 
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Figure 46.- Comparison of envelope polars for two airfoil sections 
equipped with double slotted flaps. R = 3.5 x lo6. 
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Figure 47.- Section force and moment characteristics for the 
~ ~ ~ ~ l ~ = ~ l ~ ~ ~ ~ ~ - f i ~ p  zr&-gei-ie~t on T < A ~ A  G$,4 4 2 1  japprox. j 
airfoil; partial slot-entry-skirt extension (see fig. 41(b)). 
R = 2.4 x lo6. 
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Figure 4 7. - Concluded. 
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